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INTRODUCTION 

There  are  many  causative  agents  associated  with  the 
disease  complex  in  calves  which  is  manifested  by  diarrhea. 
An  infectious  agent  may  be  the  primary  etiologic  factor  in 
the  development  of  a  lesion  in  the  Intestine.   This  lesion 
may  result  in  increased  secretion  and/or  decreased  absorption, 
or  a  motility  disturbance.   These  changes  result  In  a  net  loss 
of  total  body  fluids  and  electrolytes.   This  loss  of  fluid 
and  electrolytes  is,  in  most  cases,  the  cause  of  death  since 
the  effects  of  the  infectious  agent  are  usually  reversible. 

Histopathologic  changes  in  the  intestine  of  calves  affect- 
ed with  diarrhea  are  related  to  the  cause  of  diarrhea.   In 
addition  to  the  changes  caused  by  the  primary  etiologic  asrent, 
histopathologic  changes  occur  also  in  response  to  tissue 
damage  caused  by  the  agent.   Secondary  or  opportunistic  agents 
also  elicit  these  two  types  of  responses. 

This  thesis  will  present  the  hypothesis  that  the  class 
of  etiologic  agent  can  be  predicted  with  reasonable  accuracy 
on  the  basis  of  intestinal  histopathology  alone.   This  study 
will  compare  histopathologic  findings  with  the  results  of 
fluorescence  microscopy  in  naturally  occurring  neonatal 
calf  diarrhea. 


LITERATURE  REVIEW 

The  primary,  most  frequently  Isolated,  agents  in  the 
neonatal  calf  diarrhea  complex  are  bacteria,  viruses  and 
protozoal  organisms.   There  are  many  other  factors  involved 
in  the  pathogenesis  of  diarrheal  disease. 

Bacteria  are  known  to  be  both  primary  and  secondary 
invading  agents  in  neonatal  calf  diarrhea.   £_;_  coli , 
Salmonella  sp. ,  and  Clostridium  perfringens  type  B  and  C 
are  bacteria  which  are  frequently  identified  in  the  neonatal 
calf  diarrhea  complex. 

Viruses  of  major  importance  include  rotavirus  and  corona- 
virus.   Other  viruses  which  have  been  isolated  from  calves 
with  diarrhea  include  parvovirus,  bovine  virus  diarrhea  virus, 
infectious  bovine  rhinotracheitis  virus,  bluetongue  virus 
and  enteroviruses  (9). 

Eimerla  is  the  genus  of  coccidial  organisms  that  is 
commonly  identified  in  the  calf  diarrhea  complex  (9). 
Cryptosporidia  are  also  commonly  identified  ty  light  micro- 
scopy of  tissues.   The  consistent.  Intimate  association  of 
microvillus  damage  with  Cryptosporidia  is  presumptive  evidence 
that  damage  is  caused  by  the  Cryptosporidia  and  this  damage 
to  microvilli  can  result  in  diarrhea  (7). 

Bacteria 

Naturally  occurring  collbacillosis  may  be  either  endo- 
toxemic ,  septicemic,  or  enteropathogenic.   The  youna  calf  affected 


with  either  the  endotoxemic  or  septicemic  form  frequently  dies. 
Meningoencephalitis  and  arthritis  are  associated  with  many- 
cases  of  septicemic  colibacillosls. 

The  ability  of  enteropathogenic  E.  coll  to  cause  diarrhea 
depends  on  two  important  factors  -  colonization  and  the  pro- 
duction of  enterotoxins  (10).   Microscopically,  this  form  of 
colibacillosls  usually  produces  minimal  tissue  alterations. 
Edema  of  the  lamina  propria  of  the  villi  may  be  present.   There 
may  also  be  dilatation  of  the  central  lacteal.   Leukocytic 
exudation  or  infiltration  is  unpredictable.   Capillary  con- 
gestion in  the  superficial  mucosa  often  occurs.   Epithelial 
erosion  is  minimal  unless  the  capillaries  become  occluded 
by  a  platelet  plug.   This  epithelial  erosion  tends  to  be 
associated  with  a  hemorrhagic  enteritis  (2)  of  patchy  distri- 
bution, usually  not  involving  more  than  30  to  *4-5  cm  of  the 
small  intestine  in  the  duodenum.   Goblet  cells  are  partially 
or  totally  evacuated  and  large  numbers  of  bacteria  adhere 
to  the  glycocalyx.   Microscopic  changes  which  occur  in  other 
organs  include  congestion  and  hemorrhage  in  the  meninges 
and  brain  (2) . 

While  calves  that  receive  colostrum  are  more  resistant 
to  the  septicemic  form  than  colostrum-deprived  calves,  both 
are  susceptible  to  bacterial  overgrowth  in  the  gut  and  may 
die  from  the  effects  of  endotoxin.   The  bacteria  can  localize 
in  either  the  gut  or  the  regional  lymph  node  (2). 

Salmonellosis  may  cause  diarrhea  in  calves,  as  part  of  an 
acute  febrile  illness.   In  the  peracute  form  of  salmonellosis. 


diarrhea  is  not  a  clinical  sign  because  the  survival  time  is 
very  short. 

Species  of  Salmonella,  frequently  isolated,  are: 
typhimurim,  dublin,  newport ,  st,  paul,  and  heldelberg  (2). 

Moderately  severe  gastrointestinal  inflammation,  acute 
swelling  and  hemorrhage  of  the  visceral  lymph  nodes,  and 
scattered  petechiation  of  serous  membranes  are  gross  pathologic 
changes  noted  in  salmonellosis.   The  exudate  is  ordinarily 
catarrhal.   It  may,  however,  be  hemorrhagic  and  contain  yellow- 
ish, easily  detachable,  deposits  of  mucin  and  fibrin.   The 
mucosa  overlying  the  lymphoid  tissue  may  become  necrotic  and 
slough.   Fibrin  casts  may  be  passed  with  the  fecal  material  (2). 

The  predominant  lesions  of  Clostridium  perfrlngens  type  C 
enteritis  are  located  in  the  Jejunum.   They  occur  less 
frequently  in  the  ileum  or  duodenum.   The  large  bowel  is  not 
affected.   Hyperemia  and  congestion  of  the  intestine  is  the 
first  notable  sign  of  inflammation.   Secondary  changes  may 
include  extensive  necrosis  of  the  epithelium  and,  in  some 
cases,  emphysema  of  the  intestinal  wall.   Necrosis  may 
extend  through  the  epithelial  layer  and  may  include  the 
muscularis  mucosa.   The  histologic  changes  seen  with 
Clostridium  perfrlngens  type  D  enteritis  are  loss  of  super- 
ficial epithelial  cells,  congestion  of  the  mucosa  and  numerous 
bacilli  in  the  lumen  of  the  affected  bowel  (2). 

Viruses 

In  the  calf  affected  with  rotavirus,  viral  replication 

is  confined  to  small  intestinal  absorptive  epithelium,  i.e.  cells 


in  the  "upper"  half  of  the  villus.   Light  microscopy  shows 
shortened,  blunted  villi  with  increased  numbers  of  round  cells 
in  the  lamina  propria.   Epithelial  cells  at  the  tips  of  villi 
tend  to  be  cuboidal,  rather  than  columnar,  and  some  cells  may 
show  cytoplasmic  vacuolation  (6). 

In  the  enteric  epithelium,  cell  division  occurs  only  in 
the  crypts  of  Lleberkiihn  where  the  activity  of  enzymes  involved 
in  DNA  synthesis,  such  as  thymidine  kinase,  is  high  (11). 
The  tip  of  the  villus  is  associated  with  an  increase 
digestive  enzyme  activity  (8).  A  -galactosidase  activity  is 
maximal  in  the  mature  cells  at  the  tip  of  the  villus  and  is 
localized  in  glycocalyx  (microvillus  or  brush  border)  in  man, 
hamster,  rat  and  probably  in  the  calf  (1). 

Villus  tip  cells  in  rotavirus-inf ected  animals  are  rich 
in  thymidine  kinase.   The  digestive  enzyme  activity  profiles 
of  sucrase  and /i-galactosldase  are  lower.   This  change  in  the 
enzyme  profile  more  closely  resembles  that  of  an  immature 
crypt  cell  (6) . 

In  the  lamina  propria  of  rotavirus-inf ected  calves, 
reticulum-like  cells  are  present  in  higher  numbers  than  in 
the  lamina  propria  of  control  calves.   There  is  a  concomitant 
increase  in  the  numbers  of  pyknotic  nuclei  and  also  in  the 
number  of  eosinophils  present  (5). 

Initially,  in  coronavirus  Infection,  the  only  histopatho- 
logic change  in  the  intestine  is  the  presence  of  viral  antigen 
in  the  villus  epithelial  cells.   Antigens  are  identified  by 
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immunofluoresoent  microscopy.   The  presence  of  viral  antigen 
has  not  been  observed  in  crypt  epithelium.   Forty-two  to 
96  hours  after  the  onset  of  diarrhea,  bridging  and  shortening 
of  the  villi  are  detectable  with  the  light  microscope. 
Cuboidal  epithelial  cells  are  also  observed.   These  cells  are 
immunofluorescence-positive  for  coronavlrus  (3).   At  ^8 
hours  post-onset  of  diarrhea,  villi  become  noticeably  short- 
ened, a  small  vacuole  appears  in  the  cytoplasm  of  the  cells 
at  the  tip  of  villus,  and  the  villus  cytoplasm  becomes  more 
dense  {b\.      beyond  96  hours  after  diarrhea  begins,  the  number 
of  immunofluoresoent  cells  decreases.   Histopathologic  changes 
present  are  atrophy  of  colonic  ridges  in  the  spiral  colon 
and  dilated  colonic  crypts,  lined  by  cuboidal  to  low  columnar 
epithelium  (3). 

Frotozoa 
Two  species  of  the  genus  Elmeria  are  associated  with 
neonatal  calf  diarrhea.   Ej.  zurnii  and  E^  bovls  are  frea.uently 
isolated  coccidia  that  are  known  pathogens  of  calves. 

Schizogony  occurs  in  the  small  intestinal  epithelial  cells, 
primarily  in  the  jejunum  and  ileum.   Each  schizont  is  small  and 
produces  only  a  few  merozoltes.   Very  larze  numbers  of  gametes 
are  required  to  cause  diarrhea  so  more  than  one  schizogonous 
phase  is  necessary.   The  merozoltes  released  from  the  schizonts 
then  penetrate  the  aboral  epithelium. 


The  usual  lesion  of  ooccldiosis  Is  a  catarrhal  inflammation 
with  various  degrees  of  superficial  necrosis  if  accompanied  by- 
bacterial  infection.   Extensive  denudation  of  the  surface  of 
villi  and  crypts  is  an  indication  of  heavy  infestation. 
Proliferative  overcompensation  for  lost  cells,  together  with 
edema,  congestion,  and  leukocytic  Infiltration,  results  in 
a  thickened  mucous  membrane  (2). 

Cryptosporidia  are  minute  coccidial  parasites  that  occupy 
the  apical  border  of  enterocytes  (11) .   They  are  encased  by 
host  cell  membrane  (12).   Due  to  this  host-parasite  association, 
they  undoubtedly  derive  their  nutrients  from  the  host  cell 
rather  than  from  Intestinal  chyme  (11). 

Mixed  Infections  of  the  Intestine 

Additive  or  synergistic  interactions  that  increase  the 
severity  of  pathologic  changes  may  occur  during  mixed  Infections. 
Enhanced  proliferation  of  E^.  coll  in  the  intestine,  predisposi- 
tion to  bacteremia,  accelerated  damage  to  and  delayed  regenera- 
tion of  villus  epithelium  occur  as  the  result  of  mixed  in- 
fections with  rotavirus  and  E_;_  coll  in  gnotobiotic  calves  (5)  • 
Changes  in  villus  height-crypt  depth  ratios  also  occur  (1). 

The  factors  involved  in  the  etiology  of  the  calf  diarrhea 
complex  include  nutritional  status  and  motility  disturbances 
as  well  as  the  agents  mentioned  above.   A  further  complication 
is  supression  of  the  Immune  status  of  the  calf  by  the  etiologic 
agents  of  calf  diarrhea. 


MATERIAL  AMD   METKCDS 

Cne  hundred  and  sixty-eight  neonatal  calves,  purchased  at 
a  community  auction  market  in  southwestern  Wisconsin,  were 
studied  in  a  drug  efficacy  trial.   Cne  hundred  and  fiftv-two 
of  the  original  group  developed  diarrhea  of  which  ^6  died 
naturally  or  were  euthanatized  _in  extremis  to  prevent  post- 
mortem degeneration.   Twenty  calves  from  this  latter  group 
were  selected  at  random  and  assigned,  with  a  blind  code,  to 
a  histopathologic  study. 

The  calves  were  four  to  nine  days  old  when  purchased . 
The  stresses  were  fatigue,  fasting,  co-mine-'ling  and  chillinc 
as  they  were  loaded  in  an  enclosed  truck  and  transported  600 
miles  nonstop  to  Manhattan,  Kansas,  in  16  hours.   Calves  were 
assigned  to  individual  hutches  in  the  order  of  their  removal 
from  the  truck.   Seven  groups  of  2^1  calves  each  were  studied. 

Hutches  were  arranged  on  a  hillside  with  a  minimum  of 
seven  m  between  hutches  in  all  directions.   After  each  sroup 
of  2*4  calves  had  been  studied  for  15  days,  calves  were  evacuated 
and  the  hutches  were  sanitized  and  relocated  one  and  two-tenths 
m  uphill  or  laterally  to  minimize  the  possibility  of  contamina- 
tion between  groups. 

Fecal  specimens  were  collected  when  the  initial  flndinz  of 
diarrhea  was  made  during  daily  physical  examination.   Sterile 


disposable  polyethylene  gloves  were  worn  and  defecation  was 
Initiated  by  stimulation  at  the  dorsal  aspect  of  the  rectum 
by  insertion  of  a  digit.   Ten  to  25  gm  of  feces  were  collected 
in  each  of  two  paper  containers.   One  aliquot  was  refr iterated 
immediately  for  bacteriologic  culture,  the  other  was  frozen  for 
fluorescence  microscopy  for  rotavirus  and  coronavlrus. 

Initial  Isolation  of  fecal  organisms  was  done  on  blood 
agar,  MacConkey's  agar  and  selenite-brilliant  green  broth. 
Hroth  cultures  were  transferred  to  MacConkey's  agar. 

Complete  necropsy  examination  was  done  as  soon  as  possible 
after  death.   Calves  that  were  unable  to  arise  following  vigor- 
ous squeezing  of  the  lumbar  area  were  considered  to  be  in 
extremis  and  were  euthanatized  with  an  Intravenous  dose  of 
euthanasia  solution.*  Calves  that  did  not  arise  following 
squeezing  of  the  lumbar  region  were  lifted  to  an  upright  position 
only  if  they  seemed  reasonably  alert.   If  the  calf  remained 
erect,  it  was  observed  again  later. 

Tissues  chosen  for  histopathologic  examination  were  fixed 
in  10*  buffered  neutral  formalin  and  processed  by  standard 
methods.   Six  sections  of  the  gastrointestinal  tract  were  taken 
for  histopathologic  studies.   A  tissue  sample  of  abomasum  was 
taken  from  the  greater  curvature.   Duodenal  tissue  was  obtained 
from  the  area  midway  between  the  pylorus  and  the  root  of  the 
mesentery.   Jejunal  tissue  was  taken  from  the  raid  Jejunal  area. 

*T-6l  ,  National  Laboratories  Corp.,  Somerville,  N.J.   08876 
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Samples  of  ileum  were  taken  from  an  area  20  cm  orally  from  the 
cecum.   Samples  of  cecum  and  spiral  colon  were  obtained  from 
areas  in  each  organ,  respectively,  near  the  center  of  that 
organ. 

Tissue  Identification  was  completed  using  the  following 
guidelines : 

Abomasum  (Figure  6,  page  28) 

1.  Absence  of  villi. 

2.  Absence  of  goblet  cells. 

3.  Eosinophilic  cytoplasm  (epithelial  cells) 
U.      Broad  tunica  muscularis. 

Duodenum  (Figure  2,  page  26) 

1.  Presence  of  villi. 

2.  Length  of  villi  (lonzest  villi  in  small 
bowel) . 

3.  Branching  of  villi  (high  dearee  of  folia- 
tion of  villi)  . 

k.      Erunner's  glands  (seen  in  duodenum  and 
much  less  frequently  in  the  jejunum). 


Jejunum 


1.  Presence  of  villi. 

2.  Length  of  villi  (proportionally  shorter 
than  duodenal  villi). 

3.  Branching  of  villi  (proportionally  less 
foliation  than  duodenum) . 

I*.      Brunner's  glands  (occur  only  rarely  in 
jejunum) . 


II 

5.   Feyer's  patches  (occur  rarely  in 
jejunum) . 
Ileum  (Figure  3,    page  26) 

1.  Presence  of  villi. 

2.  Length  of  villi  (shortest  villi  in 
the  small  bowel). 

3.  Foliation  of  villi  (smallest  decree 
of  foliation) . 

4.  Feyer's  patches  (seen  in  the  ileum  but 
much  less  frequently  in  the  Jejunum). 

Larsre   3owel    (Figure   ^  ,    page    28) 

1.  Absence  of  villi. 

2.  Fresence  of  goblet  cells  (marked). 

3.  Spiral  colon  and  cecum  (indistinguishable 
histologically) . 

k.      Epithelial  cells  (basophilic  cytoplasm). 
Another  criterion  used  for  Identifying  tissues  was: 
Valves  of  Kerckring  (Figure  5t  page  28) 

(present  in  small  bowel  and  not  present  in 
large  bowel) . 
After  tissue  Identification  to  the  highest  decree  of 
certainty  possible  the  slides  were  examined  microscopically 
and  histopathologic  changes  in  the  criteria  listed  In  Figure  1 
(pace  ZU-)    were  rated.   The  basis  for  an  explanation  of  the 
grading  system  in  included  in  the  Appendix. 
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The  histologic  data  were  also  compared,  subjectively,  to 
the  literature  review  composite.   If  one  category  predominated 
in  pattern  of  changes,  the  calf  was  assigned  to  that  category. 
If  the  two  categories  were  equally  dominant,  the  etiology  was 
described  as  mixed  and  the  calf  was  assigned  to  both  categories. 
If  the  three  categories  appeared  equally  likely  the  calf  was 
assigned  to  each  of  the  three  categories. 


RESULTS 

Each  of  the  20  calves  (100.--)  chosen  at  random  for  the 
histopathologic  study,  were  positive  for  E_;_  coll  as  determined 
by  the  techniques  described  in  Material  and  Methods.   Crypto- 
sporidia were  identified  in  gut  tissues  of  eight  of  the  20 
calves  (i)055).   In  three  of  eight  calves,  Cryptosporidia  were 
identified  in  three  of  six  slides.   Three  calves  were  positive 
for  Cryptosporidia  on  two  of  six  slides,  but  only  on  one  of 
six  slides  in  two  of  the  calves  (50%)  that  were  immunofluorescence 
positive  to  viral  antigen.   The  viral  antigen  positive  calves 
were  categorized  as  follows:   only  coronavirus  antigen  (  2  -  50*), 
only  rotavirus  antigen  (1  -  2558) ,  or  both  coronavirus  and 
rotavirus  antigen  (1  -  25%).   None  of  the  four  cryptospor id  la- 
positive  calves  (0%)  were  lmmunof luorescence-posltlve  to  bovine 
virus  diarrhea  antigen.   (See  Figure  22). 

Twelve  of  20  calves  (6058)  were  classified  as  crypto- 
sporid la-negative.   Two  of  the  12  calves  (16.67%)  were  classi- 
fied non-viral,  again  on  the  basis  of  negative  immunofluorescence. 
The  remaining  ten  calves  (83.33%)  were  immunofluorescence- 
positlve  to  only  coronavirus  antigen  (  b    -  ^0%)  ,  only  rotavirus 
antigen  (2  -  20%),  or  both  coronavirus  and  rotavirus  antlsen 
(2  -  20%).   Two  of  10  calves  (20%)  were  positive  to  bovine 
virus  diarrhea  antigen. 
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■lit 

The  data  were  tabulated  and  are  presented  In  table  form. 
The  tables  are  identified  in  the  following  manner: 

1.  A  letter  (A-F)  is  indicative  of  an  etioloB-ic  class- 
ification, which  is  as  follows: 

A  -  Coronavirus  negative,  rotavirus  negative 
3  -  Coronavirus  negative,  rotavirus  positive 
C  -  Coronavirus  positive,  rotavirus  positive 
D  -  Coronavirus  positive,  rotavirus  negative 
E  -  Bovine  virus  diarrhea  positive,  others 

unspecified 
F  -  Cryptosporidia  positive,  others  unspeci- 
fied 
These  tables  are  in  the  appendix  beginning  on  pace 

63. 

2.  A  number  (1-8)  is  indicative  of  that  portion  of  the 

microscopic  anatomy  of  the  intestinal  wall  which 
was  examined .  The  numbers  and  the  area  they  are 
associated  with  are  illustrated  in  the  following 
diagram : 
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Tables  3-1  to  G-8  present  the  data  collated  according 
to  categories  thought  to  be  indicative  of  cause.   The  data 
are  presented  as  two  numbers,  the  first  number  being  the  total 
number  of  slides  that  were  classified  as  having  moderate  or 
marked  change  in  the  characteristic  noted.   The  second  number 
is  the  total  number  of  slides  observed  under  that  catecory. 
The  letters,  A-F,  are  representative  of  the  etiologic  classifi- 
cation described  previously  (page  1^,  paragraph  1). 


DISCUSSION 

The  data  are  summarized  in  tables  G('i-8),  pages  ^8-53- 
The  results  of  a  comparison  to  the  laboratory  diagnosis  and  of  a 
comparison  to  the  review  of  literature  are  discussed  below. 
Comparison  of  Histopathologic  Data  to  Laboratory  Diagnosis 

Lymphocytes  in  the  gut  tissue,  when  observed  In  a  scanning 
mode  by  light  microscopy  are  a  good  characteristic  (Table  G-l) 
for  differentiating  the  etiologic  categories  (listed  on  page  1^ 
paragraph  1),  B,  C  and  E  from  the  other  categories.   A  is 
a  category  in  which  lymphocytes  are  lower  than  in  3,  C,  S. 
Category  A  is  designated  as  the  "bacterial  infection"  category 
on  the  basis  of  exclusion  of  coronavirus,  rotavirus,  and  bovine 
virus  diarrhea  virus.   Other  viral  agents  or  chlamydia  have 
not  been  excluded. 

Neutrophils  appear  to  be  substantially  greater  in  category 
C  than  in  others.   Erythrocyte  infiltration  is  lower  in  category 
A  (bacterial).   Eosinophilla  is  lower  in  category  D.   Monocytes 
and  macrophages  are  not  good  indicators  because  of  uniformity 
in  all  categories.   Edema,  parasites  and  bacteria  in  this  area 
are  not  helpful  in  differentiation  of  etiology. 

Intraluminal  exudates  (Table  S-2)  are  of  little  value 
in  differentiating  etiologies.  There  is  little  difference 
between  etiologies  within  types  of  exudate. 
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In  table  G-3,  increased  pyknosis  of  differentiated 
epithelial  cells  occurred  in  category  3,  as  opposed  to  lack 
of  that  change  In  other  categories.   Vacuolatlon  and  cell 
lysis  of  tips  of  villi,  which  are  uniform  in  all  categories, 
are  not  good  etiologic  indicators. 

A  study  of  the  undifferentiated  epithelium  (Table  G-4) 
indicates  that  there  is  more  lysis  of  undifferentiated  crypt 
epithelial  cells  in  category  D.   The  lysis  of  undifferentiated 
cells  is  expected  to  predominate  in  the  crypts  because  undiffer- 
entiated cells  reside  in  the  crypts.   Cuboidal  cells  are  a 
lower  percentage  of  total  epithelial  cells  observed  in  category 
C  than  In  other  categories.   Proportions  of  cytoplasmic 
granules  and  mitotic  figures  are  not  different  between  cate- 
gories. 

Separation  of  tight  Junctions  (apical  junctional  complexes) 
is  lower  in  category  A,  "bacterial  infection."  Dilated  crypts 
are  more  often  observed  in  category  H,  bovine  virus  diarrhea 
positive.   There  is  no  indication  that  the  intercellular 
elements  -  lymphocyte,  neutrophil,  macrophage,  globule  leukocyte 
and  eosinophil  -  are  good  indicators  of  cause. 

Lymphangiectasia  was  most  pronounced  in  Cryptosporidia 
infected  and  "bacterial  Infected"  calves.   Villus  blunting 
was  frequent  in  coronavlrus  positive  -  rotavirus  positive 
calves,  suggesting  that  the  dual  infection  had  caused  sreater 
loss  of  villus  epithelial  cells.   Infiltrates  of  the  lamina 
propria  which  could  aid  in  distinguishing  between  causes 
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include:   lymphocyte  (higher  in  3  and  S  than  in  the  other 
categories) ,  neutrophil  (higher  in  category  C  -  coronavirus 
positive,  rotavirus  positive),  plasma  cell  (lowest  in  A, 
"bacterial  infected"),  and  eosinophil  (higher  in  categories 
E  -  bovine  virus  diarrhea  -  and  F  -  Cryptosporidia  -  and 
lower  in  category  A). 

Cn  Table  G-7,  submucosal  edema  was  seen  on  a  lower  proportion 
of  slides  in  category  B  -  rotavirus  positive  calves.   Neutro- 
phils are  higher  in  categories  D  and  C.   The  erythrocyte- 
n umber a  are  lowest  in  categories  3  and  Fj.   Monocytes,  macrophages, 
and  plasma  cells  show  only  slight  differences  between  categories. 
Eosinophils  do  not  show  differences  between  categories. 

In  the  tunica  muscularis  (Table  G-8),  neutrophils  are 
most  frequently  associated  with  the  coronavirus  positive, 
rotavirus  negative  category.   Higher  numbers  of  plasma  cells 
are  most  frequently  associated  with  slides  from  calves  that 
are  bovine  virus  diarrhea  positive.   An  Increase  in  erythro- 
cytes is  noted  in  the  group  that  is  rotavirus  positive  and 
coronavirus  negative.   The  changes  in  eosinophils  and  edema, 
from  category  to  category,  are  unremarkable. 

Trends  that  appear  in  reviewing  the  data  are  as  follows : 
A.   "Bacterial  diarrhea"  -  category  A,  coronavirus 

negative,  rotavirus  negative. 

In  the  general  appearance  category  fewer 

slides  showed  evidence  of  lymphocyte  infiltration. 

Lymphangiectasia  was  pronounced  in  more  slides. 

The  number  of  slides  on  which  separation  of  apical 

tight  junctions  was  noted  was  increased.   Fewer 
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slides  show  erythrocyte  infiltration  in  both 
the  general  appearance  table  and  the  table  of 
changes  in  the  submucosa. 
3.   "Dual  infection"  -  category  C,  coronavirus 
positive,  rotavirus  positive. 

Neutrophilia  in  general  and  specifically 
in  the  submucosa  is  seen  on  relatively  more 
slides  in  this  category.   A  similar  increase 
is  seen  in  the  degree  of  villus  blunting.   An 
increase  in  the  number  of  slides  upon  which 
cuboidal  epithelial  cells  is  noted  is  not 
apparent. 

C.  Category  E  -  bovine  virus  diarrhea  positive. 

3ased  upon  the  number  of  slides  that  were 
graded  as  moderate  and  marked,  increased  in 
numbers  of  plasma  cells  and  lymphocytes  are 
seen  in  the  lamina  propria.   In  the  same  manner, 
erythrocytes  are  increased  in  the  submucosa. 

D.  Category  F  -  Cryptosporidia  positive. 

Ehe  most  important  criteria  which  places  an 
individual  In  this  category  is  location  of  the 
organism.   An  increase  in  the  number  of  slides 
upon  which  lymphangiectasia  is  evident,  is  also 
noted  in  this  category. 
These  differences  are  not  clear-cut  but  are  helpful  in 
raising  the  possibility  that  one  or  another  category  of 
etiologic  agents  is  implicated. 
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Comparison  of  Data  to  Composite  of  Literature  Review 
The  results  of  the  histological  examination  of  the  20  calves 
were,  again,  blind  coded  and  then  compared  to  a  list  of  criteria 
gathered  from  the  literature  review.   The  criteria  used  as  a 
basis  for  a  diagnosis  of  bacterial  diarrhea  are  : 

1.  edema  of  the  lamina  propria 

2.  dilated  lacteals 

3.  variable  leukocytic  infiltration 
k.      capillary  congestion  of  the  mucosa 
5.   bacteria  adhering  to  the  glycocalyx 

The  criteria  used  as  a  basis  for  a  diagnosis  of  viral 
diarrhea  are  : 

1.  shortened  villi  with  bridging 

2.  increased  round  (mononuclear)  cells 

3.  cuboldal  epithelial  cells 
k.      cytoplasmic  vacuolation 

5.  Increased  pyknotic  nuclei  in  epithelial  cells 

6.  increased  eosinophils 

7.  dilated  crypts 

The  criteria  used  as  a  basis  for  a  diagnosis  of  protozoal 
diarrhea  are: 

1.  catarrhal  inflammation 

2.  superficial  necrosis 

3.  edema 

4-.   congestion 

k.      leukocyte  Infiltration 
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Seventeen  of  the  calves  (17/20)  had  attributes  of  the 
viral  category.   Three  of  the  viral-classified  calves  (3/17) 
also  fit  well  in  the  bacterial  category.   The  bacterial  group 
was  resolved  further  to  protozoal  (1/3)  and  non-protozoal 
diarrhea  (2/3).   The  non-bacterial  classification  (1V17)  was 
further  resolved  to  protozoal  (3/1^)  and  non-protozoal  (11/1*1 ) 
diarrhea. 

Three  of  the  calves  (3/20)  appeared  to  fit  the  classi- 
fication of  non-viral  diarrhea.   Two  of  these  calves  (2/3) 
fit  the  bacterial  classification  and  one  of  them  (1/3)  fit 
the  protozoal  classification. 


CONCLUSIONS 

1.  The  histopathologic  study  indicated  that  certain  chances 
were  highly  indicative  of  the  etiologic  classification. 

A.  "Bacterial  diarrhea." 

Lymphocyte  infiltration,  lymphangiectasia,  and 
erythrocyte  Infiltration  were  all  seen  on  a  greater 
proportion  of  slides. 

3.   "Dual  infection." 

Neutrophilia  and  an  increase  in  villus  blunting 
were  noted  frequently  in  this  category. 

C.   Bovine  virus  diarrhea  positive. 

Increased  numbers  of  plasma  cells,  lymphocytes,  and 
erythrocytes  were  identified  on  greater  numbers  of 
slides. 

B.  Cryptosporidia  positive. 

Presence  of  the  organism  and  lymphangiectasia  were 
common  characteristics  of  this  category. 

2.  The  composite  of  the  literature  review  underestimated  the 
number  of  calves  that  did  have  "bacterial  diarrhea"  (five  of 
20  -  25%).   The  contemporary  literature  focuses  on  viral 
etiologies.   We  might  hypothesize  that  the  attributes  of 
"bacterial  diarrhea"  are  ascribed  to  "viral  diarrhea"  when, 
actually,  a  mixed  infection  exists. 
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3.   The  composite  of  the  literature  review  estimated  "viral 

diarrhea"  very  well  (15  of  17  -  88.2US)  as  compared  with 

the  laboratory  data. 

k.      The  composite  of  the  literature  review  estimated  "protozoal 

diarrhea"  relatively  poorly  (two  of  eight  -  25%) •   although 

eight  calves  is  a  small  sample  of  the  population  of  calves  that 

do  have  "protozoal  diarrhea". 
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Figure   2 

Section  of   duodenum    (xiJOO) 
illustrating   Brunner's   glands 
in  the   submucosa  and    Crypto- 
sporidia  in  crypts   of   Lieberkiihn 


Figure  3 

Section  of  ileum  (xlOO) 
illustrating  Feyer's 
patches  in  submucosa 
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Figure   2 


Figure   3 


Figure  5 

Valve  of  Kerckring 
(xIOO)  illustrated 
as  found  in  bovine 
small  intestine 


Figure  k 

Section  of  large  towel 
(x^OO)  illustrating  gob- 
let cells  Interspersed 
in  the  epithelial  cell 
layer 


Figure  6 

Section  of  abomasum  (x^OO) 
illustrating  lack  of  goblet 
cells,  lack  of  branched  villi 
and  eosinophilic  epithelial 
cell  cytoplasm.   Cryptosporidia 
also  visualized  attached  to 
epithelial  cell  surface 


Figure   k 


Figure   5 
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Figure   6 


Figure  8  Figure  7 

Mitotic  figures  Eosinophilic  drop- 
in  crypt  epithel-  lets  in  apical  cy- 
ium  of  small  bowel  toplasm  of  epithel- 
(x^OO)  lal  cells  (x^OO) 


Figure  9 

Eosinophilic  granules  in 
supranuclear  cytoplasm  of 
small  bowel  epithelium  (x^OO) 
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Figure  ? 


Figure  8 


if 


Figure  9 


Figure  10 

Dilated  crypts  in  large  bowel 
(x^OO)  -  graded  moderate 


Figure  11 

Dilated  crypts  in  large  bowel 
(xlOO)  -  graded  moderate 
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Figure   10 
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Figure   11 


Figure  12 

Epithelial  cysts  in  large  bowel  (x^t-OO) 
resulting  from  chronic  irritation  of 
epithelium 
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Figure   12 


Figure  13 

Intraluminal  non- Invasive  fungus 
located  on  the  epithelial  surface 
of  the  rumen 


Figure  14 

Fibrinous  exudate  of  small  bowel, 
muscularis  mucosa  separated  during 
slide  preparation 
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Figure  13 


Figure  Ik 


Figure  15 

Slight  submucosal  edena 
in  the  small  bowel 


Figure  16 

Submucosa  of  the  small 
bowel  showing  no  edema 
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Figure  15 


Figure  16 


Figure  18 

Tunica  muscu'laris 
showln?  no  edema 


Figure  17 

Edema  of  tunica  muscu'laris 
of  the  small  bowel 
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Figure  18 
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Figure  17 


figure  19 

Loss  of  villus  architecture 
and  marked  separation  of 
apical  junctional  complexes 


Figure  20 


Marked  submucosal  edema 
of  the  small  bowel 
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Figure   19 


Figure  20 
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Figure  21 

Identification  of  Causative  Agents  in  20 
Neonatal  Calves  with  Naturally  Occurring  Diarrhea 
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Figure  22 
Flow  Chart  of  Laboratory  Diagnosis 
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Figure  23 

Results  of  Comparison  of  Hlstopatholoay  of  Calves 
to  the  Criteria  in  the  Literature  Review 
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Figure  24 


Flow  Chart  Results  of  Histology 
of  Calves  Fit  to  Literature  Review 
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Comparison  of  Results  of  Histology  of  Calves  Fit 
to  Literature  Review  Against  Laboratory  Diagnosis 
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Figure  25 
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TABLE  G-l 

Total  Slides  Graded  in 

General  Appearance  Category* 


Lympho- 
cyte 

Neutro- 
phil 

Mono- 
cyte 

Macro- 
phage 

Erythro- 
cyte 

Edema 

Farasite 

Bact. 

Eos. 

A  18-36 

14-35 

10-35 

2-35 

15-35 

1-34 

6-3^ 

6-34 

21-3*1 

B   12-1? 

8-1? 

5-22 

2-17 

15-17 

2-17 

1-16 

3-16 

10-17 

C   9-15 

11-15 

3-15 

4-15 

12-15 

3-15 

2-15 

2-15 

8-15 

D  12-32 

16-32 

8-32 

8-32 

24-32 

3-32 

4-32 

5-32 

8-28 

E  11-15 

7-15 

4-14 

1-15 

13-15 

1-13 

1-14 

4-15 

11-14 

F  25-44 

14- W 

17-44 

5-44 

26-44 

4-43 

5-44 

7-42 

25-42 

TABLE  G-2 
Intraluminal  Exudates*  Seen  on  Slides 


Fibrinous 
(pos-tot) 

Catarrhal 
(pos-tot) 

Necrotic 
(pos-tot) 

Hemorrhagic 
(pos-tot) 

Lytic 
(pos-tot) 

Purulent 
(pos-tot) 

A 

2-35 

3-35 

6-35 

6-35 

3-35 

1-35 

B 

2-17 

3-17 

0-17 

8-17 

6-17 

0-17 

c 

1-15 

2-15 

3-15 

7-14 

0-15 

0-15 

r 

5-32 

1-32 

6-32 

8-32 

4-32 

1-32 

E 

2-15 

2-15 

1-14 

5-15 

3-15 

0-15 

F 

3-144 

1-44 

7-44 

7-44 

7-1)4 

2-41) 

*Pata  are  given  as  two  numbers.   The  first  number  is  the  number 
of  slides  that  were  graded  moderate  and  marked.   The  second 
number  is  the  total  number  of  slides  observed. 
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Differentiated  Epithelium 
(Numbers  of  slides) 


ryknosls" 

Vacuolating 

Ly  s  1  s 
(TiDS-Genei'al-CrvDts) 

Cell    Shape 
( Cuboldal-Columnar ) 

A 

7-35 

19-33 

8-3-2 

7-26 

- 

10-1? 

9-17 

6-2-4- 

2-14 

■~ 

4-15 

6-15 

10-1-1 

2-11 

D 

7-32 

17-32 

15-2-8 

6-26 

g 

6-14 

9-14 

5-1-2 

2-11 

p 

10-44 

24-42 

16-4-2 

10-31 

*Data  are  civen  as  two  numbers.   The  first  number  is  the  number 
of  slides  that  were  graded  moderate  and  marked.   The  second 
number  is  the  total  number  of  slides  observed. 


so 


TABLE  G-4 


Undifferentiated  Epithelium 
("lumber  of  Slides) 


fyknosls* 

Vacuolation* 

Ly  s  1  s 
( rips-General-Crypts) 

Cell  Shape 
(Cubo id al- Columnar) 

A 

4.34 

3-33 

7-0-1 

5-28 

- 

4-17 

1-17 

4-1-3 

3-14 

c 

2-15 

0-15 

5-2-0 

2-13 

D 

4-32 

3-32 

4-4-6 

7-24 

E 

3-14 

1-12 

3-1-1 

4-10 

F 

7-44 

2-42 

9-1-1 

9-33 

Cytoplasmic 
Granules 
(positive-total) 

Mitotic 

Figures 

(positive- total) 

A 

23-31 

26-31 

E 

11-1? 

15-17 

C 

13-15 

15-15 

L 

25-29 

28-29 

E 

12-14 

12-14 

? 

32-39 

35-^0 

*Cata  are  eiven  as  two  numbers.   ?he  first  number  is  the  number 
of  slides  that  were  graded  moderate  and  marlced .   The  second 
number  is  the  total  number  of  slides  observed. 
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TABLE  G-5 

Intercellular  elements,  tight  junction  and  crypt  shape 
(Number  of  slides)* 


Lympho- 
cyte 

Neutro- 
phil 

Macro- 
phage 

Globule 
Leukocyte 

Separation 
Tight  Junction 

mated 

Crypts 

Eosino- 
phil 

A 

2-32 

1-35 

0-32 

1-35 

8-31 

6-22 

1-35 

a 

3-17 

*-18 

1-17 

1-17 

12-17 

3-15 

1-17 

c 

1-15 

1-15 

1-15 

0-15 

8-15 

1-1* 

2-15 

D 

ti-32 

4-32 

0-32 

1-32 

17-31 

ti-30 

1-29 

E 

3-1* 

2-13 

1-13 

0-13 

8-1*4 

1-13 

*-13 

F 

2-** 

3-il4 

5-ii4 

l_ii4 

19-40 

3-*l 

5-kk 

•Data  are  given  as  two  numbers.   The  first  number  is  the  number 
of  slides  that  were  graded  moderate  and  marked.   The  second 
number  is  the  total  number  of  slides  observed. 


. 
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TABLE  G- 


Changes  in  Lamina  Propria 
(Number  of  slides)* 


Lymphans 

iectasla 

■JryptAbscesses 

J iiius  Blunting 

villus  frid2ine- 

A 

15- 

31 

2-34 

12-35 

3-35 

2 

5- 

17 

2-16 

12-17 

3-16 

C 

2- 

15 

1-15 

13-15 

3-15 

D 

7- 

32 

4-32 

18-32 

2-32 

E 

5- 

13 

1-13 

7-13 

1-13 

F 

21- 

k-} 

3-43 

21-44 

3-44 

Inf iltrates 
(Number  of  slides)* 

Lympho- 
cyte 

Neutro- 
phil 

Mono- 
cyte 

Macro- 
phage 

Flasma 
Cell 

Erythro- 
cyte 

Eosino- 
phil 

A 

15-31 

10-33 

8-34 

3-34 

2-34 

16-36 

21-33 

E 

12-17 

9-17 

5-17 

1-17 

4-17 

15-17 

9-17 

C 

7-15 

11-15 

1-15 

3-15 

5-15 

9-15 

8-15 

D 

10-22 

8-25 

3-28 

5-37 

7-32 

14-22 

7-30 

2 

12-15 

8-15 

5-15 

1-15 

4-lli 

12-15 

13-15 

F 

13-45 

13-45 

16-44 

3-44 

7-44 

24-45 

41-43 

*Data  are  given  as  two  numbers.   The  first  number  is  the  number 
of  slides  that  were  graded  moderate  and  marked.   The  second 
number  is  the  total  number  of  slides  observed. 
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TABLE  G-7 


Submucosa 

(Number  slides  graded  moderate  and  marked  and 

total  number  slides  observed) 


Edema 

Lympho- 
cyte 

Neutro- 
phil 

Mono- 
cyte 

Macro- 
phage 

Plasma 
Cell 

Erythro- 
cyte 

Eosino- 
phil 

A 

13-3^ 

12-34 

3-34 

3-34 

1-34 

8-34 

11-34 

3-33 

B 

1-15 

7-16 

3-16 

0-16 

1-16 

1-15 

13-15 

0-16 

C 

5-15 

4-15 

7-15 

1-15 

3-15 

2-15 

7-15 

1-15 

D 

6-29 

7-25 

10-30 

2-32 

4-32 

10-32 

18-32 

0-31 

£ 

4-13 

7-15 

2-14 

0-14 

1-14 

2-13 

11-14 

0-14 

F 

13-^0 

18-4-3 

7-4-2 

2-4-3 

3-4-3 

9-4-2 

19-43 

2-42 

TA3LE  G-8 

Tunica  Muscularis 

(Number  slides  graded  moderate  and  marked  and 

total  number  slides  observed) 


Lympho- 
cyte 

Neutro- 
phil 

Mono- 
cyte 

Macro- 
phage 

Plasma 
Cell 

Erythro- 
cyte 

Eosino- 
phil 

2dema 

A 

8-32 

2-33 

3-32 

2-32 

9-32 

4-32 

2-31 

1-12 

3 

5-16 

2-16 

1-16 

1-16 

1-16 

7-15 

1-15 

3-7 

C 

5-14 

1-14 

1-14 

2-14 

1-14 

2-14 

0-14- 

0-2 

E 

5-29 

10-32 

2-32 

2-32 

6-29 

4-- 31 

1-32 

2-7 

E 

5-13 

1-13 

1-13 

2-13 

5-13 

4-14 

1-12 

0-4 

7 

13-40 

3-42 

4-42 

3-42 

8-4  C 

5-42 

2-4-2 

0-17 
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APPENDIX 


• 


LIST  OF  TABLES 


Table 


ACl-8 
3(1-8 
C(l-8 
D(l-8 
E(l-8 
F(l-8 


Coronavirus  negative,  rotavirus  negative 

Coronavirus  negative,  rotavirus  positive 

Coronavirus  positive,  rotavirus  positive 

Coronavirus  positive,  rotavirus  negative 

Bovine  virus  d larrhea  


face 

63 

71 

79 
87 

c5 


Cryptosporidia  positive  103 
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Criteria  for  slide  evaluation 

Architecture  -  general  appearance 

A.   Cellular  infiltrates 

Graded  None  -  Slight  -  Moderate  -  Harked 

None  -  no  more  inflammatory  cells  present  than 
normally  expected  for  species  and  age 

Slight  -  approximately  2  cells  seen  In  3  hpfs 

Moderate  -  3-5  cells  seen  In  3  hpfs 

Marked  -  more  than  5  cells  seen  in  3  hpfs 

3.   Edema 

Graded  -  None  -  Slight  -  Moderate  -  Marked 

None  -  no  edema  noted  at  any  level 

Slight  -  occasional  small  areas  where  tissue  was 
slightly  separated 

Moderate  -  tissue  separation  noted  in  nearly  all  fields 
but  separation  not  severe 

Marked  -  severe  separation  of  tissue 

C.  Parasites 

D.  Bacteria 

"C  4  D  graded  None  -  Slight  -  Moderate  -  Marked 

None  -  no  parasites  or  bacteria  noted 

Slight  -  occasional  parasite  or  bacterium 

Moderate  -  seen  in  over  one  fourth  but  in  less  than 
three  fourths  of  the  high  power  fields 

Marked  -  seen  in  nearly  all  fields 


-:.? 


5? 


II.      Specific  Areas 

A.  Intraluminal  exudates 

Fosltlve  -  exudate  was  identified  in  one  or  more 
areas 

Negative  -  exudate  was  not  identified  on  this  slide 

B.  Epithelial  cell  population 

1.  Erosion  -  Graded  Hemorrhagic  Infarct  -  Erosion  - 
New  Ulcer  -  Old  Ulcer  -  Normal 

Hemorrhagic  Infarct  -  wedge  shaped  area  lacking 

nuclei,  erythrocytes  present 
in  necrotic  tissue 

Erosion  -  loss  of  villus  architecture 

New  Ulcer  -  erosion  penetrating  to  tunica 
muscularis 

Old  Ulcer  -  erosion  penetrating  through  tunica 
muscularis 

2.  -plasia 

Graded  a-,  hypo-,  eu-,  hyper- 

aplasia  -  failure  of  cells  to  develop — absence  of 
epithelial  cells 

hypoplasia  -  decreased  numbers  of  epithelial  cells 
present 

euplasia  -  normal  numbers  of  epithelial  cells 

hyperplasia  -  greater  than  normal  numbers  of 
epithelial  cells 

3.  -trophy 

Graded  a-,  hypo-,  eu-,  hyper- 
atrophy  -  cells  shrunken 

hypotrophy  -  cells  smaller  in  size  than  normal 
columnar  epithelium 

eutrophy  -  morphologically  normal  epithelial  cells 

hypertrophy  -  large  epithelial  cells  present 
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k.      Pigment 

5.  Inclusions 

Graded  None  -  Slight  -  Moderate  -  Marked 

None  -  no  pigment  or  inclusions  seen 

Slight  -  pigment  scattered ,  inclusions  seen 

in  less  than  2  cells  observed  in  5  hpfs 

Moderate  -  pigment  or  inclusions  noted  in  cells 
in  approximately  1/2  of  hpfs  observed 

Marked  -  pigment  or  Inclusions  noticed  in  nearly 
every  hpf 

C.  Individual  Differentiated  Epithelial  Cells 

1.  Fyknosis 

2.  Karyorrhexls 

3.  Karyolysis 

k .   Vacuolatlon 

Graded  None  -  Tips  of  Villi  -  Generalized  -  Crypts 

None  -  no  epithelial  cell  lysis 

Tips  of  Villi  -  lysis  of  cells  predominantly  near 
villus  tips 

Generalized  -  lysis  of  epithelial  cells  on  villi 
and  in  crypts 

Crypts  -  lysis  of  epithelial  cells  predominantly 
In  crypts 

6.  Cytoplasmic  granules  (figures  7  and  8,  page  30) 
Graded  positive  -  negative 

7.  Cell  Shape 

Graded  Cuboidal  -  Columnar  -  Cther 

D.  Individual  Undifferentiated  Epithelial  Cells 

1.  Pyknosis 

2.  Karyorrhexls 

3.  Karyolysis 
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k.      Vaouolatlon 

Graded  -  None  -  Slight  -  Moderate  -  Marked 

5.  Lysis 

Graded  None  -  Tips  of  Villi  -  Generalized  -  Crypts 

None  -  no  epithelial  cell  lysis 

Tips  of  villi  -  lysis  of  cells  predominantly 
near  villus  tips 

Generalized  -  lysis  of  epithelial  cells  on  villi 
and  in  crypts 

Crypts  -  lysis  of  epithelial  cells  predominantly 
in  crypts 

6.  Cytoplasmic  granules  (figures  ?  and  8,  page  30) 

7.  Cell  Shape 

Graded  Cuboldal  -  Columnar  -  Other 

8.  Mitotic  figures  (figure  8,  page  30) 
Graded  None  -  Slight  -  Moderate  -  Marked 

Intercellular  elements 

Graded  None  -  Slight  -  Moderate  -  Marked 
None  -  no  intercellular  elements  In  3  hpfs 
Slight  -  one  to  two  cells  per  3  hpfs 
Moderate  -  three  cells  per  3  hpfs 
Marked  -  more  than  3  cells  per  3  hpfs 

Separation  of  Apical  Junctional  Complexes 

Graded  None  -  Slight  -  Moderate  -  Marked 

None  -  tight  junctions  between  epithelial  cells  - 
all  intact 

Slight  -  tight  junction  separation  seen  only  in  a 
few  scattered  areas 

Moderate  -  approximately  one-half  of  the  tight 
Junctions  exhibit  separation 

Marked  -  nearly  all  tight  junctions  are  loosened 
or  separated 
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G.   Lamina  Propria 

All  categories  graded  None  -  Slight  -  Moderate  -  Marked 

Lymphangiectasia 

None  -  dilated  lacteals  not  seen 

Slight  -  dilation  of  lacteals  did  not  exceed  the 
width  of  one  epithelial  cell  and  was 
diffusely  scattered 

Moderate  -  dilation  of  lacteals  was  approximately 
one  epithelial  in  width  and  was  seen  In 
more  than  one-half  of  the  villi 

Marked  -  dilation  of  lacteals  seen  in  nearly  all 
villi 

Crypt  abcesses,  villus  blunting,  and  villus  bridging 

Graded  None  -  Slight  -  Moderate  -  Marked 

Infiltrates 

Graded  same  as  under  general  appearance  category 
(page  57 ) 

I.   Submucosa 

Infiltrates 

Graded  the  same  as  In  A  and  B  of  the  general 
appearance  category  (page  57) 

H.   Tunica  Muscularis 

-trophy 

Graded  hypo-,  eu-,  and  hyper- 

Hypotrophy  -  tunica  muscularis  narrower  than 
normal 

Eutrophy  -  normal  tunica  muscularis 

Hypertrophy  -  tunica  muscularis  thicker  than  normal 

Infiltrates 

Graded  the  same  as  in  A  and  3  of  general  appearance 
category  (page  57) 
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Crypt  Appearance 

J.   Dilated  Crypts 

Graded  None  -  Slight  -  Moderate  -  Marked 

None  -  orypt  dilation  not  seen 

Slight  -  crypt  dilation  scattered  diffusely 
over  slide 

Moderate  -  crypts  dilated  in  every  field  (figures 
10  &   11) 

Marked  -  epithelial  cysts  present  (figures  12  &   13) 
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TA3LE  A 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavlrus 
by  fluorescence  microscopy. 


Architecture  -  General  Appearance 


Grade 

Bone* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

8 

10 

11 

7 

2.   Neutrophil 

15 

6 

11 

3 

3.   Monocyte 

16 

9 

o 

1 

^.   Macrophage 

19 

lb 

2 

0 

5.   Plasma  Cell 

18 

13 

3 

1 

6.  Fibrocyte 

35 

0 

0 

0 

7.   Erythrocyte 

17 

3 

9 

6 

8.   Eosinophils* 

6 

7 

W 

7 

Edema 

33 

0 

1 

0 

Farasites 

26 

2 

5 

1 

Mycotic  Ac-ents 

29 

0 

2 

0 

Amyloid 

35 

0 

0 

0 

*No  relative  increase  above  the  expected  number  in  neonatal 
bovine  tissue 


♦total  in  all  grades  is  28  -  four  slides  not  graded 
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TABLE  A  -  2 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavirus 
by  fluorescence  microscopy. 


Specific  Changes 


Intraluminal  Exudates 

Fositive    Negative 

1.   Fibrinous 

2          33 

2.   Catarrhal 

3          32 

3.   Necrotic 

6          29 

*l .   Hemorrhagic 

6          29 

5.   Lytic 

3         32 

6.   Furulent 

1         3^ 

Epithelial  Cell 

Hemorrhagic  Erosion  New   Old   Normal 

Population 

1.   Erosion 

Infarct           Ulcer  Ulcer 

1         0    1    o    33 

2.   -plasia 

A-         Hypo-   Eu-   Hyper- 

0          0       3*J     1 

3.   -trophy 

0         o      35    0 

4-.   Figment 

None   3'lieht   Moderate   Marked 

35     o       0      0 

5.   Inclusions 

35     o       0      0 
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TA3LE  A  -  3 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavirus 
by  fluorescence  microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

2. 

3. 

Fyknosls 

Karyorrhexis 

Karyolysis 

Cytoplasmic  vacuolation 

15     13 

25     12 

31     1 

k              9 

7 

0 
0 

15 

0 
0 
0 

k 

5. 

Lysis  of  epithelial 
cells 

None    Tips 

General 

Crypts 

21      8 

3 

2 

6. 

Cytoplasmic  Granules 

Fositive 

Negative 

29 

k 

7. 

Cell  Shape 

Cuboidal 

Columnar 

Other 

7 

26 

1 
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TABLE  A 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavlrus 
by  fluorescence  microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Mar'ced 

1. 

2. 
3. 
If. 

Pyknosis 

Karyorrhexls 

Karyolysis 

Cytoplasmic  vacuolatlon 

12     18 
27      7 
3k             0 
25     5 

k 

0 
0 
0 

0 
0 
0 
3 

5- 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

25      7 

0 

1 

Ce 

11  Shape 

Cuboidal 

Columnar 

Other 

e 

28 

0 

7. 
8. 

Cytoplasmic  Granules 
['.ltotlc  Figures 

Fositlve 

Negative 

23 
26 

8 
5 
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TABLE  A 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavirus 
by  fluorescence  microscopy. 


Intercellular  Elements 


None   Slight   Moderate   Marked 

1 .  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

iJ .   Globule  Leukocyte 
5.   Eosinophil 

25  5        2       0 

29  5        10 

26  6        0       0 

30  k                   10 
2i4      7        ij-       0 

Separation 

Apical  Junctional  Complex 

None  Slight   Moderate   Marked 

13     10        6       2 

Dilation 

Crypt  Appearance 

None   Slight   Moderate   Marked 

21      5       5      1 
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TABLE  A  -  6 

Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavirus 
by  fluorescence  microscopy. 


Lamina  Propria 


None 

Slight 

Moderate 

Marked 

1. 

Ly  mphang  iectasia 

17 

2 

10 

5 

2. 

Crypt  Abscesses 

28 

U 

2 

0 

3. 

Villus  Blunting 

13 

5 

8 

If- 

k. 

Villus  Bridging 

30 

2 

2 

1 

5. 

Lymphocyte 

8 

11 

13 

2 

6. 

Neutrophil 

m- 

a 

6 

k 

?. 

Monocyte 

17 

9 

7 

1 

8. 

Macrophage 

21 

10 

3 

0 

9. 

Flasma  Cell 

16 

16 

2 

0 

10. 

Flbrocyte 

Jk 

0 

0 

0 

11. 

Erythrocyte 

16 

k 

9 

7 

12. 

Amyloid 

3U 

0 

0 

0 

13- 

Eosinophil 

6 

6 

11 

10 
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TABLE  A  -  7 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavlrus 
by  fluorescence  microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1 

Edema 

10 

11 

9 

k 

2 

Lymphocyte 

12 

10 

11 

1 

3 

Neutrophil 

20 

11 

3 

0 

k 

Monocyte 

22 

9 

3 

0 

5 

Macrophage 

21 

12 

1 

0 

6 

Plasma  Cell 

13 

13 

7 

1 

7 

Fibrocyte 

32 

2 

0 

0 

8 

Erythrocyte 

Ik 

9 

5 

6 

9 

Amyloid 

3^ 

0 

0 

0 

10 

Eosinophil 

26 

1) 

3 

0 
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TABLE  A 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  negative  to  rotavirus  and  to  coronavirus 
by  fluorescence  microscopy. 

Tunica  Muscularis 


Hypo- 

Eu- 

Hyper- 

1. 

-trophy 

0 

29 

1 

None 

Slight 

Moderate 

Marked 

2. 

Lymphocyte 

7 

17 

7 

1 

3. 

Neutrophil 

21 

7 

1 

1 

4. 

Monocyte 

25 

k 

3 

0 

5- 

Macrophage 

21 

9 

2 

0 

6. 

Flasma  Cell 

13 

10 

8 

1 

7. 

Flbrocyte 

32 

l 

0 

0 

8. 

Erythrocyte 

27 

1 

3 

1 

9. 

Amyloid 

31 

0 

0 

0 

10. 

Eosinophil 

25 

4 

2 

0 

11. 

Edema 

11 

1 

0 

0 
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TABLE  3-1 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Architecture  -  General  Appearance 


Grade 

Mone* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

0 

5 

6 

6 

2.   Neutrophil 

1 

8 

5 

3 

3.   Monocyte 

6 

11 

3 

2 

k.      Macrophage 

7 

8 

2 

0 

5.   Plasma  Cell 

3 

9 

5 

0 

6.   Fibrocyte 

16 

0 

5 

0 

7.   Erythrocyte 

2 

0 

5 

10 

8.   Eosinophils* 

5 

2 

5 

5 

Edema 

1A 

1 

1 

1 

Farasites 

15 

0 

1 

0 

Bacteria 

11 

2 

3 

0 

Mycotic  Agents 

16 

0 

0 

0 

Amyloid 

15 

1 

0 

0 

*No  relative  increase  above  the  expected  number  in  neonatal 
bovine  tissue 


♦total  in  all  grades  is  28  -  four  slides  not  graded 


72 


TABLE  3 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Specific  Changes 


Intraluminal  Exudates 

Positive     Negative 

1.   Fibrinous 

2          15 

2 .   Catarrhal 

3         Ik 

3.   Necrotic 

0          17 

k.      Hemorrhagic 

8          9 

5.   Lytic 

6         11 

6.   Purulent 

0         17 

Epithelial  Cell 

Hemorrhagic  Erosion  New   Old   Normal 

Population 

1.   Erosion 

Infarct           Ulcer  Ulcer 

0          0      2      0      15 

2,   -plasia 

A-        Hypo-    Eu-  Hyper- 

1          I     15      0' 

3.   -trophy 

1         1     15     C 

k.      Pigment 

None   Slight   Moderate   Marked 

17      0        0       0 

5.   Inclusions 

17      0        0       0 
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TABLE  3 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  nes-atlve  to 
coronavirus  by  fluorescence  microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

2. 

3. 

Pyknosls 

Karyorrhexis 

Karyolysls 

Cytoplasmic  vacuolation 

2  5 
k              10 

9      7 

3  5 

9 
2 

0 
7 

1 
1 
1 
2 

5. 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

5      6 

2 

14 

6. 

Cytoplasmic  Granules 

Positive 

Negative 

13 

3 

7. 

Cell  Shape 

Cuboidal 

Columnar 

Other 

2 

J> 

2 

?H 


TA3LE  B 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

z. 

3. 
J. 

Fyknosls 

Karyorrhexls 

Karolysis 

Cytoplasmic  vacuolation 

2      11 

7      9 

13     fc 

15     1 

4 
1 
0 
0 

0 
0 
0 

1 

5- 

Lysis  of  epithelial 
cells 

None    Tips 

General 

Crypts 

9      t 

1 

3 

6. 

Cell  Shape 

Cuboldal 

Columnar 

Cther 

3 

Ik 

0 

7. 
8. 

Cytoplasmic  Granules 
Mitotic  Figures 

Fosltive 

Negative 

11 
15 

6 
2 
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TABLE  B 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Intercellular  Elements 


— . 

None   Slight   Moderate  Marked 

1.  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

it .   Globule  Leukocyte 
5.   Eosinophil 

8      6        2       1 

12  2        k                0 

Ik               2        10 
11       5        10 

13  3        10 

Separation 

Apical  Junctional  Complex 

None   Slight   Moderate   Marked 

1      k                  6       6 

Dilation 

Crypt  Appearance 

None   Slight   Moderate   Marked 

8      4        12 
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TABLE  B  -  6 

Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Lamina  Propria 


None 

Slight 

Moderate 

Marked 

1. 

Lymphangiectasia 

9 

3 

3 

2 

2. 

Crypt  Abscesses 

9 

5 

1 

1 

3- 

Villus  Blunting 

3 

2 

5 

7 

k. 

Villus  Bridging 

8 

5 

2 

1 

5- 

Lymphocyte 

1 

4- 

8 

4 

6. 

Neutrophil 

1 

7 

5 

14- 

7. 

Monocyte 

8 

i). 

3 

2 

8. 

Macrophage 

9 

7 

1 

0 

9- 

Plasma  Cell 

3 

10 

it 

0 

10. 

Fibrocyte 

17 

0 

0 

0 

11. 

Erythrocyte 

2 

0 

7 

8 

12. 

Amyloid 

17 

0 

0 

0 

13. 

Eosinophil 

5 

3 

7 

2 

7? 


TA3LE  B  -  7 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  viith  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1. 

Edema 

8 

6 

0 

1 

2. 

Lymphocyte 

1 

8 

6 

1 

3. 

Neutrophil 

8 

5 

3 

0 

k. 

Monocyte 

11 

5 

0 

0 

5- 

Macrophage 

12 

3 

l 

0 

6. 

Plasma  Cell 

8 

6 

l 

0 

7. 

Fibrocyte 

15 

0 

0 

0 

8. 

Erythrocyte 

2 

1 

5 

8 

9- 

Amyloid 

16 

0 

0 

0 

10. 

Eosinophil 

11 

5 

0 

0 
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Table  3 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  rotavirus  positive  and  negative  to 
coronavirus  by  fluorescence  microscopy. 


[■unlca  Muscular! s 


Hypo- 

Eu- 

Hyper - 

1. 

-trophy 

1 

lk 

k 

None 

Slight 

i'ioderate 

Marked 

2. 

Lymphocyte 

k 

7 

5 

0 

3. 

Neutrophil 

9 

5 

2 

0 

k. 

Monocyte 

14 

1 

1 

0 

5. 

Macrophage 

7 

8 

1 

0 

6. 

Plasma  Cell 

10 

5 

1 

0 

7. 

Flbrocyte 

15 

1 

0 

0 

8. 

Erythrocyte 

6 

2 

6 

1 

9. 

Amyloid 

Ik 

1 

0 

0 

10. 

Eosinophil 

11 

3 

1 

0 

11. 

Edema 

3 

1 

1 

2 
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TABLE  C  -  1 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Architecture  -  General  Appearance 


Grade 

None* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

2 

It 

it 

5 

2.   Neutrophil 

2 

2 

It 

7 

3.   Monocyte 

5 

7 

3 

0 

k.      Macrophage 

6 

5 

It 

0 

5.   Plasma  Cell 

3 

6 

6 

0 

6.   Fibrocyte 

Ik 

0 

0 

0 

7 .   Erythrocyte 

1 

2 

7 

5 

8.   Eosinophils* 

7 

0 

3 

5 

Edema 

12 

0 

3 

0 

Farasites 

12 

1 

2 

0 

Bacteria 

8 

5 

1 

1 

Mycotic  Agents 

15 

0 

0 

0 

Amyloid 

in 

0 

0 

0 

*No  relative  increase  above  the  expected  number  In  neonatal 
bovine  tissue 


+total  in  all  grades  is  28  -  four  slides  not  graded 


PC 


TABLE  C  -  2 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Specific  Changes 


Intraluminal  Exudates 

Positive 

Negative 

1.   Fibrinous 

1 

w 

2.   Catarrhal 

2 

13 

3.   Necrotic 

3 

12 

b.      Hemorrhagic 

7 

7 

5.   Lytic 

0 

15 

6.   Purulent 

0 

15 

Epithelial  Cell 
Population 

Hemorrhagic 
Infarct 

Erosion 

New   Old   Normal 
Ulcer  Ulcer 

la   Erosion 
2.   -p'lasia 

0 

0 

1     0     lb 

A- 

Hypo- 

Su-  Hyper- 

0 

0 

15    0 

3.   -trophy 
b.      Pigment 

0 

0 

15    0 

None   Slight   Moderate   Marked 

lb               1 

0 

0 

5.   Inclusions 

15      C 

0 

0 
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TABLE  C 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to 
coronavirus  by  fluorescence  microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

2. 
3. 
k. 

Fyknosls 

Karyorrhexis 

Karyolysls 

Cytoplasmic  vacuolatlon 

3      8 

8      6 

12      3 

2      7 

It 

1 

0 
5 

0 
0 
0 
1 

5- 

Lysis  of  epithelial 
cells 

None   Tips 
3     10 

General 
1 

Crypts 
1 

6. 

Cytoplasmic  Granules 

Positive 

Negative 

in 

0 

?. 

Cell  Shape 

Cuboldal 

Columnar 

Other 

2 

11 

1 
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TABLE  C  -  i| 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to 
coronavirus  by  fluorescence  microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

2. 

3- 

Pylcnosls 

Karyorrhexis 

Karyolysis 

Cytoplasmic  vacuolation 

7      6 
12      3 
15     o 
15     o 

2 

0 
0 

0 

0 
0 
0 
0 

5. 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

8      5 

2 

0 

6. 

Cell  Shape 

Cuboidal 

Columnar 

Other 

2 

13 

0 

7. 

8. 

Cytoplasmic  Granules 
Mitotic  Figures 

Fositlve 

Negative 

13 
15 

2 

0 
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TABLE  C 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Intercellular  Elements 


None      Slight      Moderate      Marked 

1.  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

It.      Globule   Leukocyte 
5.      Eosinophil 

12               2                   10 
9             5                 10 

10  i*              io 

12                3                    0                  0 

11  2                     2                  0 

Separation 

Apical   Junctional  Complex 

None      Slight      Moderate      Marked 

3             ij                 It               k 

Dilation 

Crypt   Appearance 

None      Slight      Moderate      Marked 

9            if                io 

B4 


TABLE  C  -  6 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Lamina  Fropria 


None 

Slight 

Moderate 

Marked 

1. 

Lymphang 1 ec  tas la 

12 

1 

1 

1 

2. 

Crypt  Abscesses 

10 

i| 

1 

0 

3. 

Villus  Blunting 

1 

1 

6 

7 

k. 

Villus  Bridging 

12 

c 

1 

2 

5. 

Lymphocyte 

ll 

4 

6 

1 

6. 

Neutrophil 

2 

2 

7 

k 

7. 

Monocyte 

k 

7 

1* 

0 

8. 

Macrophage 

3 

9 

3 

0 

9. 

Flasma  Cell 

3 

7 

5 

0 

10. 

Fibrocyte 

15 

0 

0 

0 

11. 

Erythrocyte 

1) 

2 

6 

3 

12. 

Amyloid 

15 

0 

0 

0 

13. 

Eosinophil 

7 

0 

3 

5 
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TABLE  C 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1. 

Sdema 

7 

3 

3 

2 

2. 

Lymphocyte 

2 

9 

!j 

0 

3. 

Neutrophil 

4 

k 

7 

0 

4. 

Monocyte 

9 

5 

0 

0 

5. 

Macrophage 

7 

5 

3 

0 

6. 

Flasma  Cell 

6 

7 

2 

0 

7. 

Flbrocyte 

m 

0 

0 

0 

8. 

Erythrocyte 

k 

H 

I* 

3 

9. 

Amyloid 

15 

0 

0 

0 

10. 

Eosinophil 

m 

0 

1 

0 
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TABLE  C 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  rotavirus  and  to  corona- 
virus  by  fluorescence  microscopy. 


Tunica  Muscularls 


Hypo- 

Eu- 

Hyper- 

1. 

-trophy 

0 

13 

0 

None 

Slight 

Moderate 

Marlced 

2. 

Lymphocyte 

1| 

5 

5 

0 

3. 

Neutrophil 

7 

6 

1 

0 

k. 

Monocyte 

10 

3 

l 

0 

5- 

Macrophage 

6 

6 

2 

0 

6. 

Flasma  Cell 

10 

3 

1 

0 

7. 

Fibrocyte 

14 

0 

0 

0 

8. 

Erythrocyte 

10 

2 

1 

1 

9. 

Amyloid 

14 

0 

0 

0 

10. 

Eosinophil 

It 

0 

0 

0 

11. 

Edema 

2 

0 

0 

0 
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TABLE  D 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavlrus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Architecture  -  General  Appearance 


Grade 

None* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

6 

14 

7 

5 

2.   Neutrophil 

6 

10 

9 

7 

3.   Monocyte 

16 

8 

2 

6 

k.      Macrophage 

11 

10 

7 

1 

5.   Flasma  Cell 

13 

10 

ti 

5 

6.   Fibrocyte 

31 

1 

0 

0 

7.   Erythrocyte 

tj 

ll 

6 

18 

8.   Eosinophils* 

11 

9 

7 

1 

Edema 

26 

3 

2 

1 

Parasites 

28 

0 

3 

1 

Bacteria 

20 

7 

5 

0 

Mycotic  Agents 

32 

0 

0 

0 

Amyloid 

32 

0 

0 

0 

*No  relative  increase  above  the  expected  number  in  neonatal 
bovine  tissue 

+total  in  all  grades  is  28  -  four  slides  not  arraded 
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TA3LE  D 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavirus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Specific  Changes 


Intraluminal  Exudates 

Fosltive    Negative 

1.   Fibrinous 

5         27 

2 .   Catarrhal 

1        31 

3.   Necrotic 

6         26 

1*.   Hemorrhagic 

8         24 

5.   Lytic 

i+          28 

6 .   Purulent 

1         31 

Epithelial  Cell 
Population 

Hemorrhagic  Erosion  New   Old  t 
Infarct           Ulcer  Ulcer 

ormal 

1.   Erosion 

0          0      0      0 

32 

2 .   -plasia 

A-        Hypo-    Eu-  Hyper- 

0          1     29     2 

3.   -trophy 
k .   Pigment 

0          1     30     1 

None   Slight   Moderate   larked 

32      0        0       0 

5.   Inclusions 

32      0        0        0 

89 


TA3LE  D 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea,   "^hese  six 
calves  were  positive  to  coronavirus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slicrht 

foderate 

farlced 

1. 

2. 

3. 
k. 

Pyknosis 

Karyorrhexis 

Karyolysls 

Cytoplasmic  vacuolation 

8  17 
21  9 
24      8 

1*            11 

6 

2 

0 

Ik 

1 
0 

0 
3 

5. 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

7     15 

2 

8 

6. 

Cytoplasmic  Granules 

Fositive 

Negative 

28 

k 

7. 

Cell  Shape 

Cuboidal 

Columnar 

Cther 

6 

26 

0 
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Table  D 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavirus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

i. 

2. 
3. 
It. 

Fyknosis 

Karyorrhexis 

Karyolysis 

Cytoplasmic  vacuolatlon 

13     15 

21      11 

31     1 

28      1 

0 
0 
1 

0 
0 
0 
2 

5. 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

17      lJ 

I| 

6 

6. 

Cell  Shape 

Cuboldal 

Columnar 

Other 

7 

24- 

0 

7. 
8. 

Cytoplasmic  Granules 
Mitotic  Figures 

rosltive 

Negative 

25 
28 

4 
1 
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TABLE  D  -  5 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavlrus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Intercellular  Elements 


None   Slight   Moderate   Marked 

1.  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

i| .   Globule  Leukocyte 
5.   Eosinophil 

21      7        k                0 
21      7        1*0 

26      6        0       0 
29       2        10 
21       7        10 

Separation 

Apical  Junctional  Complex 

None   Slight   Moderate   Marked 

6      8        7      10 

Dilation 

Crypt  Appearance 

None   Slight   Moderate   Marked 

26      0        2       2 

02 


PA3LE  D 


Histopatholoeic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavlrus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Lamina  Froprla 


None 

Slight 

Moderate 

Marked 

1. 

Lymphangiectasia 

19 

6 

3 

i| 

2. 

Crypt  Abscesses 

22 

6 

!*■ 

0 

3. 

Villus  31untlng 

7 

7 

8 

10 

k. 

Villus  Bridging 

26 

k 

1 

1 

5. 

Lymphocyte 

6 

6 

7 

3 

6. 

Neutrophil 

6 

11 

8 

0 

7. 

Monocyte 

17 

8 

3 

0 

8. 

Macrophage 

17 

15 

5 

0 

9. 

Plasma  Cell 

10 

15 

7 

0 

10. 

Flbrocyte 

31 

1 

0 

c 

11. 

Erythrocyte 

ii 

<* 

W 

0 

12. 

Amyloid 

31 

1 

0 

0 

13. 

Eosinophil 

13 

10 

7 

0 
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TABLE  D 


Histopathologic  observations  (number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavirus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1. 

Edema 

11 

12 

6 

0 

2. 

Lymphocyte 

6 

12 

? 

0 

3- 

Neutrophil 

12 

8 

10 

0 

k. 

Monocyte 

15 

15 

2 

0 

5. 

Macrophage 

15 

13 

1| 

0 

6. 

Plasma  Cell 

8 

14 

9 

1 

7. 

Pibrocyte 

32 

0 

0 

0 

8. 

Erythrocyte 

6 

8 

8 

10 

9. 

Amyloid 

32 

0 

0 

0 

10. 

Eosinophil 

28 

3 

0 

0 

Oh 


TABLE  D  -  8 


Histopathologic  observations  (  number  of  slides)  from 
six  of  20  neonatal  calves  with  diarrhea.   These  six 
calves  were  positive  to  coronavirus  and  negative  to 
rotavirus  by  fluorescence  microscopy. 


Tunica  t'iuscularis 


Hypo- 

Eu- 

Hyper- 

1 

-trophy 

0 

2  5 

3 

None 

Slight 

Moderate 

Marked 

2 

Lymphocyte 

7 

17 

5 

0 

3 

Neutrophil 

13 

9 

10 

0 

<i 

Monocyte 

25 

5 

2 

0 

5 

Macrophage 

16 

Ik 

2 

0 

6 

Plasma  Cell 

13 

10 

6 

0 

7 

Fibrocyte 

31 

l 

0 

0 

8 

Erythrocyte 

19 

8 

k 

0 

9 

Amyloid 

32 

0 

0 

0 

10 

Eosinophil 

29 

2 

1 

0 

11 

Edema 

2 

3 

1 

1 
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TA81E  S 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Architecture  -  General  Appearance 


Grade 

None* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

0 

ft 

ft 

7 

2.   Neutrophil 

2 

6 

3 

ft 

3.   Monocyte 

5 

5 

1 

3 

ft.   Macrophage 

5 

9 

1 

0 

5.   Plasma  Cell 

k 

8 

2 

l 

6.   Flbrocyte 

1ft 

0 

0 

0 

7.   Erythrocyte 

1 

1 

5 

8 

8.   Eosinophils* 

2 

1 

7 

ft 

Edema 

11 

1 

l 

0 

Parasites 

13 

0 

1 

0 

Bacteria 

7 

3 

3 

1 

Mycotic  Agents 

1ft 

0 

0 

0 

Amyloid 

2 

1 

7 

ft 

*No  relative  increase  above  the  expected  number  in  neonatal 
bovine  tissue 


+total  in  all  grades  is  28  -  four  slides  not  graded 


Q5 


TABLE  E 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Specific  Changes 


Intraluminal  Exudates 

Positive    Negative 

1.   Fibrinous 

2         13 

2 .   Catarrhal 

2        13 

3.   Necrotic 

1          14 

4.   Hemorrhagic 

5        io 

5.   Lytic 

3         12 

6.   Furulent 

0        15 

Epithelial  Cell 
Population 

Hemorrhagic  Erosion 
Infarct 

New   Old   Normal 
Ulcer  Ulcer 

1.   Erosion 
2.   -plasla 

C          0 

0     0     14 

A-        Hypo- 

Eu-  Hyper- 

1          1 

12    0 

3.  -trophy 

4.  Pigment 

1          1 

12     0 

None   Slight   Moderate   Mar'ced 

14      0        0 

0 

5.   Inclusions 

14      0        0 

0 
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TA3LE  E  -  3 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slight 

Moderate 

Karked 

1. 

2. 

3. 

Fyknosis 

Karyorrhexis 

Karyolysls 

Cytoplasmic  vacuolatlon 

1      7 
5      8 
9     H 
1     It 

5 

0 
0 
7 

1 

1 
1 
2 

5. 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

7      5 

1 

2 

6. 

Cytoplasmic  Granules 

Positive 

Negative 

12 

1 

7. 

Cell  Shape 

Cuboldal 

Columnar 

Other 

2 

11 

2 

9  8 


TABLE  E  -  U 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 

2. 

3- 

Fylmosis 

Karyorrhexis 

Karyolysls 

Cytoplasmic  vacuolatlon 

6      5 

9      5 

12       2 

11      1 

3 
0 
0 
0 

0 
C 
0 
1 

5. 

Lysis  of  epithelial 
cells 

None    Tips 

General 

Crypts 

10       3 

1 

1 

6. 

Cell  Shape 

Cuboidal 

Columnar 

Other 

k 

10 

0 

7. 
8. 

Cytoplasmic  Granules 
Mitotic  Figures 

Positive 

Negative 

12 
12 

2 

2 
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TABLE  E  -  5 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Intercellular  Elements 


None   Slight   Moderate   Marked 

1.  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

k.      Globule  Leukocyte 
5.   Eosinophil 

83       2       1 
10      1        2       0 
9      3       10 
9      it        0       C 
7      2        Z)       o 

Separation 

Apical  Junctional  Complex 

None   Slight   Moderate   Marked 

k             2                  17 

Dilation 

Crypt  Appearance 

None   Slight   Moderate   Marked 

9      3       0       1 
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TABLE  E 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Lamina  Propria 


None 

Slight 

Moderate 

Marked 

1. 

Lymphangiectasia 

6 

2 

1 

k 

2. 

Crypt  Abscesses 

9 

3 

1 

0 

3. 

Villus  Blunting 

5 

1 

1 

6 

k. 

Villus  3ridglng 

9 

3 

0 

1 

5. 

Lymphocyte 

1 

2 

7 

5 

6. 

Neutrophil 

1 

6 

It 

14 

7. 

Monocyte 

9 

1 

if. 

1 

8. 

Macrophage 

H 

10 

1 

c 

9. 

Plasma  Cell 

H 

6 

2 

2 

10. 

Flbrocyte 

IS 

0 

0 

0 

11. 

Erythrocyte 

2 

i 

i| 

8 

12. 

Amyloid 

15 

0 

0 

0 

13. 

Eosinophil 

1 

1 

9 

If 
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TABLE  E 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1 

Edema 

k 

5 

1 

3 

2 

Lymphocyte 

1 

6 

6 

1 

3 

Neutrophil 

10 

2 

2 

0 

k 

Monocyte 

6 

8 

0 

0 

5 

Macrophage 

8 

5 

1 

0 

6 

Flasma  Cell 

5 

6 

I 

1 

7 

Flbrocyte 

1* 

0 

0 

0 

8 

Erythrocyte 

1 

2 

3 

8 

9 

Amyloid 

Ik 

C 

0 

0 

10 

Eosinophil 

10 

k 

0 

0 
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TABLE  E  - 


Histopathologic  observations  (number  of  slides)  from 
three  of  20  neonatal  calves  with  diarrhea.   These 
three  calves  were  positive  to  bovine  virus  diarrhea 
by  fluorescence  microscopy. 


Tunica  Muscularis 


Hypo- 

Eu- 

Hyper- 

1 

-trophy 

1 

12 

0 

None 

Slight 

Moderate 

Marked 

2 

Lymphocyte 

2 

6 

3 

2 

3 

Neutrophil 

6 

6 

1 

0 

l» 

Monocyte 

8 

it 

1 

0 

5 

Macrophage 

7 

k 

2 

0 

6 

Plasma  Cell 

k 

k 

i|. 

1 

7 

Flbrocyte 

13 

0 

0 

0 

8 

Erythrocyte 

6 

1) 

3 

1 

9 

Amyloid 

12 

1 

0 

0 

10 

Eosinophil 

9 

2 

0 

1 

11 

Edema 

1 

3 

0 

0 
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TAHLE  F 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Architecture  -  General  Appearance 


Grade 

None* 

Slight 

Moderate 

Marked 

Cellular  Infiltrates 

1.   Lymphocyte 

5 

w 

in 

11 

2.   Neutrophil 

15 

15 

7 

7 

3.   Monocyte 

16 

11 

10 

7 

k.      Macrophage 

21 

18 

5 

0 

5.   Plasma  Cell 

22 

13 

7 

2 

6.   Flbrocyte 

*3 

0 

0 

0 

7.   2rythrocyte 

Ik 

k 

1C 

16 

8.   Eosinophils* 

8 

9 

m 

11 

Edema 

38 

1 

k 

0 

Parasites 

36 

3 

3 

2 

3acteria 

22 

13 

7 

0 

Mycotic  Agents 

36 

0 

2 

0 

Amyloid 

*3 

0 

0 

0 

*No  relative  increase  above  the  expected  number  in  neonatal 
bovine  tissue 


♦total  in  all  grades  is  28  -  four  slides  not  graded 
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TABLE  F  -  2 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  lijrht 
microscopy. 


Specific  Chansres 


Intraluminal  Exudates 

Positive 

Negative 

1.   Fibrinous 

3 

41 

2 .   Catarrhal 

1 

^3 

3.   Necrotic 

7 

37 

4.   Hemorrhagic 

7 

37 

5.   Lytic 

7 

37 

Purulent 

2 

42 

Epithelial  Cell 
Population 

Hemorrhagic 
Infarct 

Erosion 

New   Old  Normal 
Ulcer  Ulcer 

1.  Erosion 

2.  -plasia 

0 

C 

0     5     38 

A- 

Hypo- 

Eu-  Hyper- 

1 

1 

40     2 

3.  -trophy 

4.  Pigment 

I 

1 

42     0 

None  Slight   Moderate   Marked 

43     1 

0 

0 

5.   Inclusions 

44      0 

0 

0 
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TA3LE  F 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Individual  Differentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

I. 

2. 

3- 

rylcnosls 

Karyorrhexis 

Karyolysis 

Cytoplasmic  vacuolatlon 

13     21 

2<+     19 

33    10 

1*           15 

9 
0 

0 
20 

i 
1 
1 

5. 

Lysis  of  epithelial 
cells 

Kone   Tips 

General 

Crypts 

21     16 

4* 

2 

6. 

Cytoplasmic  Granules 

Positive 

Negative 

38 

3 

7. 

Cell  Shape 

Cuboidal 

Columnar 

Other 

10 

31 

3 

1C6 


TABLE  F  -  k 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Individual  Undifferentiated  Epithelial  Cells 


None   Slight 

Moderate 

Marked 

1. 
2. 
3. 
1*. 

Py  linos  is 

Karyorrhexis 

Karyolysis 

Cytoplasmic  vacuolatlon 

12     25 
26     17 
ko              3 
Jk             6 

7 
0 

C 
0 

0 
0 
0 
2 

5- 

Lysis  of  epithelial 
cells 

None   Tips 

General 

Crypts 

31      9 

1 

1 

6. 

Cell  Shape 

Cuboldal 

Columnar 

Cther 

9 

33 

0 

7. 
8. 

Cytoplasmic  Granules 
Mitotic  Figures 

Positive 

Negative 

32 
35 

7 

5 

1C7 


TABLE  F 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Intercellular  Elements 


None   Slight   Moderate   Marked 

1.  Lymphocyte 

2.  Neutrophil 

3.  Macrophage 

4.  Globule  Leukocyte 

5.  Eosinophil 

34  8       11 

36      5       3      0 
30     9       5      0 

35  8       10 
27     12       5      0 

Separation 

Apical  Junctional  Complex 

None   Slight   Moderate   Marked 

11     10        8      11 

Dilation 

Crypt  Appearance 

None   Slight   Moderate   Marked 

34      4        2       1 
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TABLE  F 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Lamina  Fropria 


None 

Slight 

Moderate 

Marked 

1. 

Lymphangiectasia 

18 

1) 

12 

9 

2. 

Crypt  Abscesses 

36 

k 

3 

0 

3- 

Villus  Blunting 

1* 

9 

11 

10 

k. 

Villus  3ridging 

36 

5 

1 

2 

5. 

Lymphocyte 

16 

16 

8 

5 

6. 

Neutrophil 

15 

18 

7 

6 

7. 

Monocyte 

17 

11 

10 

6 

8. 

Macrophage 

21 

2C 

3 

0 

9. 

Flasma  Cell 

19 

18 

7 

0 

10. 

Flbrocyte 

Uk 

0 

0 

0 

11. 

Erythrocyte 

16 

5 

9 

15 

12. 

Amyloid 

1)4 

0 

C 

0 

13. 

Eosinophil 

9 

7 

14 

13 
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TABLE  F 


Histopathologic  observations  (number  of  slides)  from 
eieht  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  lisht 
microscopy. 


Submucosa 


None 

Slight 

Moderate 

Marked 

1 

Edema 

13 

Ik 

7 

6 

2 

Lymphocyte 

12 

12 

Ik 

4 

3 

Neutrophil 

Zk 

12 

6 

0 

k 

Monocyte 

2k 

17 

2 

C 

5 

Macrophage 

25 

15 

3 

0 

6 

Plasma  Cell 

17 

16 

9 

0 

7 

Fibrocyte 

kj 

0 

0 

0 

8 

Erythrocyte 

11 

13 

9 

10 

9 

Amyloid 

<t3 

0 

0 

0 

10 

Eosinophil 

37 

3 

2 

0 

lie 


TA3LE  F  -  8 


Histopathologic  observations  (number  of  slides)  from 
eight  of  20  neonatal  calves  with  diarrhea.   These 
eight  calves  were  positive  to  Cryptosporidia  by  light 
microscopy. 


Tunica  Muscularls 


Hypo-   Eu-    Hyper- 

1.   -trophy 

1     38       2 

None   Slisht   Moderate   i-'arked 

2.  Lymphocyte 

3.  Neutrophil 
It .   Monocyte 

5.  Macrophage 

6.  Plasma  Cell 

7.  Flbrocyte 

8.  Erythrocyte 

9.  Amyloid 

10.  Eosinophil 

11.  Edema 

8      19       13       0 
31       8        3       0 
30       8        k                 o 
23      16        3       0 
22      10        8       0 
U2                 0        0       0 
30       7        **•       1 
1H       10       0 
36      k                 11 
13       1)         0       0 
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ABSTRACT 

Many  causative  agents  are  associated  with  diarrhea 
disease  of  neonatal  calves  and  these  ascents  may  each  result  in 
a  unique  set  of  histopathologic  chances.   These  changes  were 
studied  in  20  calves,  randomly  selected,  from  a  group  of  ^6 
that  died  of  naturally  occurring  diarrhea.   The  ^6  deaths 
occurred  in  a  group  of  152  calves  that  developed  naturally 
occurring  diarrhea. 

Tissues  from  the  digestive  tracts  of  each  of  the  20 
calves  were  analyzed  microscopically  and  were  graded  in  76 
categories  according  to  an  index  developed  for  this  purpose. 
The  results  of  this  grading  procedure  were  compared  with  the 
laboratory  diagnosis  (culture,  immunofluorescence,  and 
parasitology).   The  data  were  also  compared,  subjectively,  to 
a  synopsis  of  histopathologic  chances  for  bacterial,  viral 
and  protozoal  agents  as  reported  in  the  literature. 


